Till now the nanoscale focussing and imaging in the sub-diffraction limit is achieved mainly with the help of plasmonic field enhancement assisted with noble metal nanoparticles. Using far field imaging technique, we have recorded polarized spectroscopic photoluminescence (PL) imaging of a single AlGaN nanowire (NW) of diameter ~ 100 nm using confinement of polarized light.
Imaging a nanostructure or focusing to a dimension in the sub-diffraction limit, using the diffraction limited optical technique is a major achievement in recent times. The nanoscale imaging in the sub-diffraction limit was boosted with the application of plasmonics.
1,2 Surface plasmon resonance (SPR), originating from the coherent oscillation of conduction electrons of noble metal nanoclusters with the excitation of visible light, facilitate propagation of surface plasmon polaritons (SPP) 3, 4 along with evanascent waves near the metal-dielectric interface to initiate imaging or focusing at sub-diffraction length scale. [5] [6] [7] [8] [9] [10] [11] Recently, polarized Raman studies of semiconducting nanostructures, using optically confined polarized light in dielectric contrast with surrounding media, has raised considerable interests in the scientific community. [12] [13] [14] [15] The rate of interaction of a light emitting material with electromagnetic radiation can be enhanced by keeping it in a micro-cavity. The spontaneous emission rate is not only a material characteristic but also depends on the photon density (energy density of the fluctuating electromagnetic field)
in the surrounding environment. The long lived cavity mode photons, enhances the optical density leading to the improved stimulated emission/absorption of light in the process of Purcell enhancement. [16] [17] [18] [19] [20] [21] [22] Tightly confined light or trapped photons in between two semiconducting or dielectric media with sizes comparable to the wavelength of the confined light, increases photon density in the micro-cavity leading to the enhanced light-matter interaction, enabling a range of nonlinear applications. [12] [13] [14] [23] [24] [25] [26] [27] [28] [29] In the most recent study, polarized resonance Raman spectroscopy is successfully demonstrated to understand the crystallographic orientations of a single AlGaN nanowire (NW) in the sub-diffraction length scale. 15 We report here, far field photoluminescence (PL) imaging of a single AlGaN NW, in the sub-diffraction length scale. We find the PL intensity coming from a single NW, is strongly influenced by the proximity of other NWs, even though the separation between the NWs is more than the exciting laser beam diameter. Increase in the PL intensity by an order from a single NW can be easily achieved by this proximity effect. In case of the optical confinement effects, a nonzero non-equilibrium population of long lived photons is envisaged to influence the increased PL emission intensity from the single NW.
AlGaN NWs with narrow size distribution with nematic ordering were synthesized using VLS process by an atmospheric pressure chemical vapor deposition technique with Au NP as catalyst. 16 Morphological features and crystallographic structural studies of the NWs were analyzed using a field emission scanning electron microscopy (FESEM; SUPRA 55 Zeiss) and a high resolution transmission electron microscopy (HRTEM; LIBRA 200FE Zeiss), respectively.
The polarized PL studies were carried out using an excitation wavelength () of 325 nm of HeCd laser at room temperature (300K) with 2400 gr.mm -1 grating for monochromatization. The spectra were collected using a near ultraviolet micro-spot focusing objective lens of The fully automated motorized sample stage, having a spatial resolution of 100 nm, was used for the polarized PL imaging purpose. The PL imaging was performed by integrating intensities, which was essentially the peak intensity distribution corresponding to a particular energy collected over a pre-defined area and grid resolution. In the present study, a total area of 3 x 1 μm 2 with 100 nm grid resolution was probed for the polarized micro-PL imaging. perpendicular and parallel polarizations, respectively. In the former geometry, the electric field vector (E e ) is perpendicular to the horizontal X-axis (E e ⊥X, σ-polarization) and E e is parallel to the axis (E e ||X, π-polarization) in the later configuration. 14, 31, 32 However, for both the cases, the incident direction (wave vector) of laser light is perpendicular to the horizontal axis (k⊥X) of AlGaN NW. It was found that polarized PL peak intensity value for a single NW is higher for π-polarization, as compared to that for the σ-polarization [ Fig. 2(a) ]. [12] [13] [14] 33 This observation is typical in NWs and is because of optical confinement of polarized light within the material, due to variation of refractive index of NWs and its surrounding. [12] [13] [14] 18, 24, 25, 30, 33, 34 The optical image of the monodispersed AlGaN NW with a separation of ~2 μm, using an objective of 100 with numerical aperture (N.A.) value of 0.8, is shown in the inset of Fig. 2 (a). The single NW used for recording the PL spectra is indicated by an arrow. It was ensured that the individual NWs were well separated (~ 2 μm) compared to the excitation laser spot size of ~ 0.8 μm to receive a PL spectrum of a single NW alone. Considering around 5% error for the Gaussian spreading of incident beam diameter, the maximum possible laser beam diameter can be calculated as ~ 0.84 μm. Thus, it was ensured that the PL spectra was collected from a single NW with minimum interference of any other signals comes from nearest NWs. The peak observed at 3.55 eV is due to the free exciton (FE) recombination. 36, 37 A tiny peak centered at 3.73 eV is assigned to 2-A 1 (LO) mode of GaN. 36, 37 The peak observed at 3.3 eV is identified with electronic transition from a shallow donor state of nitrogen vacancy (V N ) to a deep acceptor state of Ga vacancy (V Ga ) 38 . For the measured value of the FE at 3.55 eV, the Al content of NW was calculated ~ anisotropy is typically defined in terms of the polarization ratio (= I π -I  /I π +I  ; also called as the degree of polarization). [12] [13] [14] 28, 33, 39 For the present study, the value of polarization ratio was calculated to be 0.533.
We observe a strong correlation of the PL intensity (Fig. 3) . The inset of Figure 3 shows the typical PL spectra observed for few typical inter-NW (d) separations. It is very clear that the observed intensities of spectra are found to increase with decreasing d values.
Interestingly the PL intensity varies inversely with the scaled mode area of (ld), where l and d are the NW length and the inter-NW separation, respectively (Fig. 3) . We have also confirmed 1/d 2 dependence of the PL intensities with inter-NW separation for small cavities extending down to sub-micron size using scanning probe microscopy coupled to Raman spectrometer (supporting information Fig. S1 ). 
where R P is the rate at which electrons are pumped to the upper level by absorption of photons. Fig. 2 and inset in Fig. 3 , as indicative) compared that for the closed ones, we observe a trend of PL intensity variation with respect to the mode area between the two NWs (Fig. 3) . As a consequence of Purcell effect, dielectric micro-cavities are certainly notable for the observation and manipulation of strong light-matter coupling to semiconductors. 23 Considering uniform diameter of the NWs (fixed h of the cavity) in our case, the optical density for the excitation photons is higher for the lower 2D cavity volumes. This may lead to the increased amount of transition rate leading to the Purcell enhancement in the PL emission for the lower 2D cavity volumes. 17, 19, 20 The PL imaging of single AlGaN NW with an average diameter 100 (±10) nm is carried out over an area of 3 x 1 μm 2 using an excitation laser of wavelength of 325 nm. Figure 4 shows the PL maps of single NW generated by integrating the intensity of FE emission for π-polarization. The schematic of the experimental configuration is detailed in the supporting information Fig. S2 . 40 The optical image of a single NW is also shown (inset Figure 4) with a schematic grid pattern used for the mapping. The scale bar of 3 m represents the true dimension along the long axis of the NW only. The PL maps for σ-polarization with the variation of intensity along the NW for FE emission is also studied (supporting information Fig. S3 ). 40 In the Fig. 1(a) ]. The spread is essentially due to the focusing limit (~ 0.8 μm) of the incident beam which is higher than the spatial resolution (~100 nm) of the motorized sample stage used for the PL mapping.
In conclusion, the proximity induced enhancement of photoluminescence (PL) intensity is understood by assuming the existence of long lived photons in the intervening space between the nanowires (NWs), where a nonzero non-equilibrium population of such photons causes stimulated emission leading to enhanced PL emission with the intensity scaling as 1/(ld). The enhancement of electric field strength as well as the light-matter interactions can also be simultaneously understood as an effect of optical confinement in 2D micro-cavity due to the Purcell enhancement in the of 1D semiconductor NW-air-1D semiconductor NW columns. With the help of the enhanced PL emission, we record the far field spectroscopic imaging using the π-polarized PL spectra for a cylindrically shaped single AlGaN NW with a diameter 100 (±10) nm in the sub-diffraction regime without the aid of any plasmonic effects. Thus, the report is encouraging for analysing and processing nanoscopic objects in the sub-diffraction limit with the far field configuration using the diffraction limited optics. The proposed alternative methodology avoids both the complex material processing for achieving optimized noble metal thickness involved in the plasmonic technique.
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Inset shows the photoluminescence spectra correspond to different separations. The PL intensities are recorded using an atomic force microscopic tip of 20 nm assisted with a long working distance near ultraviolet objective of 15 (N.A. = 0.4) in the scanning probe microscopy (SPM, MV4000; Nanonics, Israel) coupled to Raman spectrometer (inVia; Renishaw, UK).
Quantitative Investigation of Proximity Effect Using Rate Equation
In order to understand the phenomenon quantitatively, let us assume that the external pump laser promotes electrons to upper level (U) from the ground state (G), where N U and N G be the number of electrons in the excited state and in the ground state (N G +N U = N, being a conserved quantity). One can write down a rate equation for spontaneous emission/absorption of photons, (1) where, τ sp is the time for spontaneous electronic transition from U to G state, with emission of a photon. R P is the rate at which electrons are pumped to the upper level by absorption of photons. 
where, τ ph is the decay time for these photons due to processes other than the stimulated emission/absorption. In order to get the steady state value of N L , we set dN L /dt=0. 
The second term in the equation (5) is responsible for the increase in PL intensity due to the presence of the intervening long lived photons in between the NWs. The increase in the PL intensity is proportional to lifetime of these photons τ ph , the stimulated emission cross section σ, and is inversely proportional to the volume (V) occupied by these photons. Since, V = h×l×d 20 where, h, l and d are the height, length and separation between the NWs. So, for a fixed h (~100 nm, the diameter of the NWs lesser than the excitation wavelength ), the increase in PL intensity is inversely proportional to l×d. The variation of intensity in the photoluminescence (PL) maps observed for different polarization configuration is due to difference in the interaction of electric field strength with NW. In π-polarization, the excitation electric field which is parallel to the NW long axis will completely interact with the NW (Fig. 4 in the manuscript) . In this configuration, the internal electric field E iπ in the NW medium remains same as the external electric field E eπ (ie; E i ~ E e ).
Whereas in case of σ-polarization, the internal electric field E iσ will attenuate according to the relation E iσ = [2 0 / ( + 0 )]E eσ, where E eσ is the external electric field perpendicular to the long axis,  is the dielectric constant of the cylindrical NW (= 5.8 for GaN) and  0 = 1 in vacuum.
Along with the cylindrical geometry of the NW, the large dielectric contrast between the NW and the surrounding medium strongly favors absorption and emission of light for π-polarization compared to those for σ-polarization. 1, 2 The intensity distributions in the PL maps for FE emissions with different polarizations are observed to be good agreement with the above relation.
